02/28^97 12:06 PEET-FAX - 914153253057 ^ lOQ „ 

NO. 188 P03 1^040 




Europ*leches Petentemt 
( 1 9) /flM Europe Patent Office 




#ttrbp<#n "~ • (id EP 0 703 461 A2 



< 12 > EUROPEAN PATENT APPLICATION 

(43) ^afiaii",^ <«> «<»« »« 

(21 ) Application numbar 9S306723.6 

(22) Data of filing: 22.09.109$ 



(84) Designated Contracting Stat 

ATBCCH DCeSFRQBQRiEtTU LUMCNLSC 

(30) Priority: 23 09.1994 \)3 311297 

(71) AppNcant: ETHICON EMOO-SURQERY, INC. 
Cincinnati, pitta 46242 (US) 



(72) Inventor: Yatee, Oevfd C. 

Weet Cheater, Ohio 46069 (U3) 

(74) Representative: Mercer, Christopher Paul 
* Cav paaaola 4 Rsneford 
43, BfoofiMOVfy Sqtiaro 
London WC1 A 2fU (OB) 



(54) imppdmce feedback monitor for electroeurgical Instrument 

(57)^An i^^nc* rrWiniiorino i^ichcoaoutefion b cornplalad. Acontrot device it nro. 

"OVtedng the electric* impedance of tteo* a* it » vided torM^na ihe iS^ihe^e^^ 
traaiadw^etocarbaiwo^w ^^^7.^* output of the venerator wrthn en 



™T77 — ~'v^°™^.oaseo on a predicted optimum range based on a system load cutva i« 

P-«^'oe<* 9 *th. ( n*«Jan^ in confine**. w» . bipolar 



<M. 



O 

Q. 
IU 



•y 



BEST AVAILABLE COPY 



02/28/9? 12:06 REEDFAX -r 914153253057 



NO. 188 6032/^40 



EP 0 703 461 A2 



Field of m a Inventjon 

This invention rotates *> electros wg>cal tissue treat- 
ment, and in particular, to a method and apparatus tor 
controlling the electrosurgscal treatment of tissue by 
measuring impedance of the tissue being treated by an 
eJect/osurgicai device 

Background of the Invention 

Electtosurgical generators are used to deliver ther- 
apeutic electrical energy to surgical instruments. These 
instruments are used for example, for cuttng. coaguta- 
lon. (issue wetting, ablation, and dissection. Both mo- 
nopolar and bipolar generators typically supply electro- 
surgcal energy in the radio frequency grange to such 
instruments. Usually such generators include controls 
lhat regulate the voltage anoVbr current so that a select 
power level is approximately delivered and a maxtnum 
power level is not exceeded. 

VfoP" ««h RF generators are used, the pnmary 
control is the experience of me aurgecA who responds 
to what is observed to be happerxngiothetissueasitis 
treated with the RF energy. Often, particularly for endo- 
scopic procedures, surgeons cannot raeowy sea what is 
happening to the tissue. Also, the change m tissue prop- 
erties due to the RF energy may occur so quickly so as 
not to afford time for the surgeon to react soon enough 
to turn off electrical energy to the instrument As a result, 
some problems which may occur ircaxto tissue charring 
kicking of tissue to the electrodes of the surgical instru- 
ment, and over or under treatment of tissue. 

tt has been recognized that lha tissue impeoance 
cn * no ** ^ energy is applied to the tissue. Attempts 
have been made to control the power delivered to the 
tusue as tte tissue impedance changes For example, 
current has been controlled based on the change nine 
vokaoe or the power delivered by the generator to tissue 
The different cAXXierrl of tissue irrtoeo^nca as pow- 
er is applied to the tissue has been used to determine 
an mi* power tovet and to switch oft RF power when 
the otff erentml quotient of impedance reaches a preset 
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Summery of the IflyanUgrj 

The present invention provides an impedanco moo- 
ftonhg device and/or method which monitors the imped- 
ancerttissiiebetwaenoolesc^ 

gical instrumem Based on a model of expected tissue 
impedance behavior over time with the deliverance of 
electrosurgjcal energy, the monitored tissue impedance 
is used to determine tissue status. This win be described 
m more detail below A signal indicating status of tissue 
is provided ether to a user or to an rxjtnjrrwntcomfoler 
The device may also include a twitch which auiornat.1 
ca<y turns off the electrical energy when treatment is 
completed. 

In accordance with the present invention, a tissue 
impedance monitor is provided which continuously 



Norw*hstanding those control a/ranoamenU. trwro 
•s a continuing need tor improvement in the control of 
electroeuroical energy cfelrverance to the tissue anoVbr 
determination of when tissue treatment has reached an 
optimal level. 

In particular there is a need to provide a device and 
method for determining the end point of coagulation tor 
a variety or a range of tissue impedance, due to e g 
vatymg tissue composition tis«ue typos and treated tis- 
sue areas and/or volumes. 

The present invention relates to a devce and meth 
od of the type described in EP-A-O 640 317. 



Irvered to tissue. Accordtog to known tissue i.^^ ^< 
models. tjesua»rpedar« 

tetton occurs. Tha present twention provides tor estab- 
lishing a value for tha minimum impedance, ie . when 
lha irnpeo^ is at Ite tow« va^ 
pked. The*; tha mpedancevaJue anticipated to provide 
me desired tissue effect is o^termxtod by calculating a 
selected fuix^ of tha aataba^ 
ance. When tha measured imped an ce rises to the level 
of the impeoarxce value for the desired result* kg., co- 
agulation, tissue wefdtogor a level of diathermy, the in- 
*> strument win indicate or provide a response for such 
•vent. Tha present invention la preferably adapted so 
that the condition is detected for a range of expected tit- 
*ua impedances which varies according to tissue rypa 
area ancVor volume. 
35 In a preferred embodlriient the desired tissue condi- 
tion b where coagulation is cornpAated. When Ihis pont 
has bean reached a feedback signal is provided to a con- 
trol ur^ or to me usar. at wtxch time me energy supply 
is switched off. Tha f eedback signal may. tor example, 
*° Provide a visual, audfcle or tactile signal to a user. anoYor 
may provide instnjctions toa control unit to autornaticaty 
turn off energy supplied to the tissue. 

Optionally, tha device may ateo include a switch, 
adapted to turn off electrical energy when a shon circuit 
condition is detected, when an open circuit condrtion is 
detected or whan tha device is on, i e.. supplying current 
or votaga tor a preset maxmum amount of time 
inaccordarv^wthcrieaspeacfthepreserH 
t>on. an etectrc^urgicaJ apparatus lor coagulating tissue 
during a surgical procedure comprises an end effector 
with opposing interfacing stirlaces which rrxay be cloeed 
toward* each other to engage tiasue to be electro*urp>- 
calfy treated. Preferably the end effector Mudes first 
and second el em en ts movable relative to one another 
u ** •"Paging tissue to be coagulated therebetween. At 
leestor^oftheelectrx^poJe^ 

prised of an electrode arsoc iated w*0 i at least one of the 

first and moo*** •imnte. TH* Mm ott»d» m i 
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with the tissue to be coagulated. A power controller re- 
sponsive to a power control signal provides RF energy 
to the tissue contact^ electrodes) of the first ancVOr 



Impedance measuring circuitry is coupled to the RF 
generator output and measures the impedance of the tis- 
sue between electrodes corresponding to the first and 
second poles. Feedback circuitry is coupled to the im- 
pedance measuring circuitry. The feedback circuitry in- 
cludes a first device for determining a minimum imped- 
ance value end holding said minimum xTtoedance value. 
A second device provides a threshold determining circuit 
coupled to the first device. The threshold determining cir- 
cuit determines a threshold impedance value es a func- 
tion of the held minimum impedance vakie. 

the threshold determining circus may comprise an 
analog devee for determining the function of minimum 
' i mp edan c e .or a digital circuit including, for example, a 
look up table for determining the threshold impedance 
value based on an input minimum impedance vakje. 

Alter a threshold value has been delemwted. a first 
comparator compares the measured impedance value 
to threshold impedance value and goneraies a power 
control signal to the power controller to control the RF 
energy deiyered to the tissue upon the condition ofthe 
measurec: ST^edance value exceeding the threshold im- 
pedance value. 

A power controller may include at least one electrical- 
switch tor eelectiyefy supplying RF. energy to th^ 
menttocoaguiatetissue poskipr%edt«tw«^thelirstand 
second ele m en t s. 

The power controfter may selectively switch oft the . 
power suppfceoVtb the tissue under a number of condi- 
tions. The controller may be used to. switch off power 
when the measured impedance value exceeds the 
threshold imped a n c e value, when an open circuit condi- 
tion or a short circuit condition exists, or if voltage end 
current is supplied tor a period of time exceeding a max- 
imum. 

Another aspect of the present invention provides a 
control device for bringing the energy output of the gen- 
erator within an optimal range determsiedLby a system 
load curve. The control device uses measured load im- 
pedance to determine the desired energy levet output 
and compares the desired energy output to the actual 
energy delivered to a target including tissue- The control 
device tajies the resulting comparison and controls the 
generator output accordingly. 

Akhrjughthisinstrum^ 
or a multipolar device including two or more than two 
poles, the end effector preferably includes two eiectrieei- 
ry opposite electrodes corresponding to two electrically 



on the distal end of the electrosu repeal device so that 
when me fust and second ©laments close together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The impedance monitor- 

5 ing circuit monitors the impedance of the tissue between 
the electrodes during the delivery of RF energy through 
that tissue. As described above a minimum impedance 
is measured from which threshold tmpedance b calcu- 
lated. A rjcrnperator comperes the measured fapedance 

to values to the determined toeshott impedance value and 
generates a control signal to switch oil theBF power de- 
ivered to the tissue, upon the concftion of measured im- 
pedance value' exceeding the threshold impe da n c e val- 



m the preferred bipolar device, eiectncetry opposSe 
electrodes of each of the poles are located on one or 
both of the opposing surfaces. Each rjt the tiret and sec- 
ond otoctnearty coposke poles comprises at least one tis- 
sue contact ino strode. Tn» •todrodo* ara arrancwd 



is in one preferred ernbob^me^ 

corresponding to the first pole are of set wsh respect to 
Ihe interfacing surface from each of the electrodes cor- 
responding to the second pole. In other weirds, the elec- 
trodes ere offset from each other so that they are not 
20 dametneaiy opposed from each other on interfacing 
surfaces or they are separated and insulated from each 
other on the same surface. 1 

m the preferred erribodiment the eiectrosurgicel in- 
strument rx»T»presseS tissue in a compression zone be- 
2* tween the firal interfacing surface and the second inter- 
facing surface and applies electrical energy through the 
compression zone. More preferably* the compression 
zone is an area defined by « compression rs^on one 
ofmes^ertadngsurtar^wr^ 
so against the other interfacing surface; Atfern&r^ 
adoption, there may be a compression ridge on both in- 
terfacing surfaces'. 

OneenTbodm^ 
ciated with an end effector. The cuttmg eleir^ is er- 
35 ranged to cut tissue at or hear if co a gu la l ipn site. Pref- 
arably. the coagulation is completed pnpr to any me- 
chanical or other cutting at or around twfoM^guMon 
site. Once tissue is coagulated or cauterized, the cutting 
element may be used to cut through -the coagulated tis- 
40 sue or between two zones of te^ue coagulation. 

. in another embodiment rhe riemostatic device is in- 
corporated into a linear cutter similar to a linear cutting 
' mechanical stapler. In this einbodiment the hemostatic 
device comprises two sutoetantiaJry paraiW a 
<s ad e l ec tro de bars which are associated wfth one pole, 
and a slot kx cutting meaha to travel between the bars. 
Opttonaly one or more rows of staples may provide on 
each side of the slot and bars to provide addrtonat he- 
mostasia. ' . 
so to operatioa tissue is clamped between two jaws of 
the ^strurnent. end electrical energy in the forme* raced 
frequency C P^S » WPP*** 10 Ihe compressed 

tissue to coagulate or cauterize blood vessels along the 
two substantiaky perekel bars. Base d on the impedance 
moddhg of the devte wkh thta epedfte electrode con- 
figuration, an appropriate function of the mkwnum im- 
pedance is incorporated rite the impedance feedback 

circuit tedtti — 
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level. A warning mechanism is used to warn the user 
when the impedance « out of range or exceeds the 
threshold impedance level. Also the warning signal may 
bo directed to a control circuit or power controller adapt- 
ed to then provide an appropriate instrument response, 
including where appropriate lo turn off the RF energy de- 
IKrered to the tissue. 

In accordance with another aspect of the present in- 
vention a method of operating apparatus for etectrosur- 
gically treating tissue during surgical procedure is pro- 
vided. Accordingly, a preferred method comprises the 
steps of: applying RF energy to tissue to be etectrosur- 
gicalry treated by means of an electrosurgicai instru- 
ment; measuring the impedance of the tissue between 
electrodes corresponding to two poles of the electrosur- 
gacal instrument; generating me impedance signal rep- 
resentatve of the impedanceof the tissue; and control- 
ling the RF energy applied to the electrosurgicai instru- 
ment in response to the impedance signal 

The step of controlling ma RF energy applied lo the 
electrosurgicai instrument may comprise the steps of: 
determining and holding mornum vnpedance value: de- 
termining a threshold impedance value baaed on a func- 
tion c4 we rnviirnum impadance value; companng meas- 
ured impedance values to the threshold irnpedance val- 
ue; arid generating a control signal to control or switch 
off the power of the controller upon the condition of 
measured impedance value exceeding the threshold im- 
pedance value 

Inaccorriaricew^ 
invention, a method of operating an electrosurgicai ap- 
paratus for coagulating tissue during surgical procedure 
comprises the steps of: providing an electrosurgicai *v 
strument having an end effector comprising the first and 
second tissue engao*>geurfaces, at feest c^ of said first 
ancisecorxJ tissue enga^ 

a tissue contacting electrode, associated wflh » first pole 
of an elearcourgical system end at least one of said first 
and eecondtissue engaging surfaces containing thereon 
a second tissue contacting electrode associated with a 
second pole of the system; engaging tissue to be coag- 
ulated between me first and second ussue ehgageig sur- 
faces; selectively controlling RF energy suppled to me 
first and second tissue cbmac*^ 
Kating tissue rx^irJorie^ 

pedance of the treated tissue: determining and noting 
a minimum impedance value: determining a threshold 
impedance value based on a function of the mnvnum 
impedance vaiue; companng measured mpedance val- 
ues to me threshold irnpedance value: and controlling or 
switching off the RF energy connected to the first and 
second electrodes upon the condition of the measured 
impedance value exceeding the threshold impedance 
value. 

Other objects and advantages of the invention wit 
apparent from the foeowing Description, me accornpany- 
mg drawings and the foeowing ctavns 
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Brief Description of the Orawtafl a 

Fig. I is a side view of a bipolar endoscopic etectro- 
sur g«^ instrument operable in accordance with me 
present invention: 

Fig. 2 is a partial cross^ectionat view of the distal 
end of the rotrument of Fig. 1 in an open position: 

Fig, 3 is a partial cioss-sectionai view of the distal 
end of the instrument in Fig. 1 in a closed, untired 

position; 

Fig. 4 is a partial cross sectional view of me distal 
end of the instrument in a closed, fired position: 

. Fig. S is a front cross sectional view of thedwtaf end 
of the instrument of Fig. 1 along the fee 5-5; 

Figs . 6-9 rapreaent a schematic block diagram of a 
microproc ess o r controlled imp eda nce monitoring 
apparatus for cent roiing the RF energy deiwerad by 
electrosurgicai rotrument of Figure 1 ; " ' ^ 

Fig. 10 is a schematic blocK oSa^m of an analog 
embodiment of the controller for use rt the appara- 
tus of Figure V. 

Fig; 11 Is a logic diagram of Wcc*»t^er 6>Vig 10 
frustrating cortrol logic for RF output control; and 

Fig, 12 is a characteristic curve frustrating me 
change in impedance over time during application 
of electrceurgicaf energy to tissue using the etectro- 
surgical instrument efeetrated in Figure 1 

DsteHed Deecrtotfcm of the Invention 

While me present invention is generally applicable 
to a variety of electrosurg i ca i instruments both monopo- 
lar and multipolar, and 

le. it win be described herein with reference to a bipolar 
linear cutting instrument. 

The primary purpose of tier impodaro hxttfcoring 
device to determine when the tissue has been treated 
lo a desired de^ee. Prefers^ 

ed when the tissue has been cauterized and before ex- 
cessive tissue sticking, burning or chairing occurs. The 
impedance of tissue as it is being heated wim electro- 
surgicai energy generaxy follows a charactorisac tissue 
■npedancs curve. According lo the impedance curve. 
generaSy the impedance witt decrease, arrive at a mini- 
mum vafcie. and then rise as coagulation end tissue dee- 
iccation occurs. At an impedance or within a range of 
mpedances oh a characteristic curve, coagulation will 
predictably occur. 

Figure 12 is a characteristic trnpeo^nce curve iJlu*- 
traitino »%• chanee m ttow m xm da ncmwmr time, dumo 
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the application of electros urgcal energy using the elec- 
trosurgical instrument illustrated in Figs. 1-5. The 
present invention determinee a trweshofd impedance on 
the curve at which coagulation has occurred. Z t- ^ 1 46. 
Tnb impedance it based on the value ol the lowest irrv 
pedence on the curve. 2^45. ie.. when the impedance 
has slopped falling and begins to rise. A function of the 
minimum impedance ifZ^) b used to approximately 
predict a point at which coagulation occurs, Z^^, 46. 

Referring now to Fig. 10 there is Prustteted a sche- 
mate block diagram of an analog e mbodiment of the rn- 
peo*rce monaoring device ol the present invention. The 
impedance monitoring device determines when coagu- 
lation is complete, as wel as other instrument parame- 
ters, for example. H there is an open circuit, short circuit 
or if voltage and current is supplied to the tissue for more 
than a predetermined maorimum amount of time. Such 
conditions may mcScate a problem with the instrument 
anoVor tissue engaged by the instrument. For example, 
if excessive, not enough, or riecpropnate tissue is en- 
gaged by the instrument. 

the instrument 10 is positioned to engage tissue to 
be treated. Then, when apprpprialefy posaionod. RF en- 
ergy is supplied to the tissue. 

A generator 70 supplies RF energy to the tissue en- 
gaged by the end effector! 15 of the instrument 10. Pref- 
erably, 30 to 200 votts RMS at a fundamental frequency, 
preferably of a sinusoidal waveform at. a frequency of 
ebout300Khzto3fvtu*supprie^w^ 
0. 1 to 4.0 amps. The generator 70 is turned on by a user 
operated switch, 42. The user, operated switch 42 pro- 
vides a signal, to the controller 79 to turn on the, energy. 
The output 129 of, the controller is coupled to an analog 
swtch 130. When output 129 provides an Won* signal 
to the switch. 1 30. an oscitator 72. coupled to an analog 
multiplier 75 through the switch 130. supplies a voftage 
of a known frequency lo the analog mutipfcer 75.. The 
output of the analog multiplier 75 is coupled to a driver 
76 which is coupled to the input of an RF amptfier 71. 
. An arnptined RF signal . is supplied by the. generator 70 
to a circuit 60 which includes the first electrode 39 and 
second electrode (anvil 1 6) of ihe instrument 10. and 
the tissue 43 to be treated by the instrument 10. 

The current and voltage delivered to the tissue is 
measured and an RMS current O rms *) end an RMS volt- 
39* CVrms") determined. 

A voltage and current sensor 61 senses the current 
and voftage delivered to the tissue. The voftage and cur- 
. rent sensor 81 includes a tow impedance current, trans- . 
former. 62 in series with the generator 70; and a high* 
impeoance voltage transformer 83 connected in parallel 
across the generator 70. Preferably the current trans- 
former 82 has. tor example, a 1:20 winding ratio and a 
50 ohm resistor in parallel with the seconoary of the 
transformer. Preferably the voftage transformer 83 has. 
lor example, a 20:1 wirxfing ratio and a IK ohm resistor 
in pareM with the secondary of the transtormer. 

The output of the current transformer 82 is couoted 



■ to an RMS converter 84. The RMS converter 84 converts 
the sensed current to a DC signal to provide output 86. 
representative of I was- Tno output of the voftage trans- 
former 83 b coupled to an RMS converter 85. The RMS 

5 converter 85 converts the voltage signal into an DC sig- 
nal end provtfe output 87, representative of V RMS . 

The measured impedance. Z. is then calculated 
from the measured l RMS and V RUS . The outputs 87. 85 
of V RMS and l*us aro auppfied Co an analog divider 88 

to which divides the V^, by the current Irms to provide 
an output signal 89 representative of the measured Im- 
pedance. Z. 

From the l*^. and measured mpedanco, Z. 
. the impedance rnonitoring device determines whether a 
t* short circuit cr open circuft condit i on eidsta, whether voa> 
age andcunent has been deeVered for an amount of time 
. exceeding a predetermined maximum, and whether co- 
agulation ts complete. 

A short circuit c ond iti on is determined by comparing 
20 the measured impedance, to a predetermined short 
circuit impedance threshold at or below which short cir- 
cuit is likely to exist (*Z$c*)' If the measured Z is at or 
below the Z^. a short circuit signal is provided to the 
controller. 

2S The irnpedance signal 89 te input to a short circu* 
detector 90 comprised of a comparator; The pos Wve irv 
put 92 of the comparator is cormecled to a potentiometer 
93 which sets the threshold impedance. Z^Whenthe 
impeoance «f/«l 89 causes the input at the negabve 

30 irtout94ofthecc<npara1or91 to be lower than that at the 
positive input 92. an "on" condition occurs at the output 
.95 of the comparator 91 : This cond i tion is cornmunicated 
to a logic controf er 79 which provides a preprogrammed 
instrument response, which, in thte embodiment, in- 

J* etudes turn rig oft RF energy. 

An open eveuit condition exists if there is a voltage 
between me electrodes 18. 39. and no current An open 
circuit is determined as follows: It the V* us is above a 
. predetermined minimum threshold indicating a voltage. 

40 v a °d Sms » below a preoetermined rrshimum 
current threshold indicating a current I*****, an 
open circuit signal is provided to a controller: 

A current threanoW detector 106 includes a potenti- 
ometer 107 coupled to the negative input 108. The po- 

*s tentiometer 107 sets the lth^#, level so that when a cur- 
rent is present, the current detector 106 win indicate as 
such. The Iftua signal 66 is connected to the poeftrve in- 
put 109 of the comparator 106. Thus, when the l*j*s * 
greater than the value. 1^' set by the potentiometer 

so i07. a positive voftage appears at the output 110 of the 
current threshold detector 106. 

Similarly, a voltage threshold detector 1 13 includes 
a potentiometer 1 1 4 connected to the negative input 1 1 5. 
The potentiometer 114 sets tie voftage threshold el 
55 wnich the threshold detector 113 registers a posrtrve out- 
put v KMfi when a mini m um voftage is present The 
V*ms signal is input to the positive input 116 of Vie 

tnrechold dotactor 113 Tt*f. tt tK* v^ w«— *»• 
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V iht^h *«M>y the potentiometer 114. a positive voltage 
wiD appear at the output 11 7 of the voltage threshold de- 
tector 113 

The output 117 of the voltage threshold detector 1 1 3 
13 ftbo coupled to an AND gate 111 and the output 110 
of the current threshold detector 106 is coupled to an e> 
verted input U2of the AND gate 111. The AND gate 111 
acts as an open circuit detector When the exceeds 
m ° V *«~* ano * l *» Irms does not exceed 1^^, 

a togjc 1 win appear at the output 120 of the AND gate 
1 1 1 indicating an open circuit. The output 1 20 of the AND 
gate 1 11 is coupled to the controller 79 to communicate 
me open circuit statue. 

If current or voltage is supplied an extended period 
of time and a coagulation complete condition has not 
been detected, it may indicate, for example, thai the in- 
strument ts not clamped on tissue or that a malfunction 
has occurred if the b above the predetermined 
V ^ ,na '*ms » above l ArMtl> then a timer is turned 
on.il the timer is on for a period of tvne greater than a 
predetermined maximum amount of trne. l mtot , then a 
tvne over signal s provided to the controller, ff the dura- 
lion of the tmer on is not greater than T^ then the de- 
vice continues to suppy Rf current to the tissue and con - 
tmues to measure current, voltage and rnpedance, etc 
as described above. 

The output 1 10 of the current threshold detector 106 
»s coupled to an OR gate 1 18 which is coupled to a timer 
121 If the t^ exceeds the 1^. the output 110 of the 
current threshold detector 106 wHt present a logic 1 to 
the OR gate 119 which will then turn on the timer 121 

Similarly the output 117 of the volb^ ihreshoid de- 
tector 113 is coupled to the OR gate 116. If the is 
•^^^ W OR gatelie will present a logic 
1 at its output 1 9 and turn on the timer 121. The output 
123 of the timer 121 is coupled* the controller 79. When 
the twner 121 has been activated for an amount of tone 
that exceeds a preset threshold time. T^. the output 
123 w* oe a logic 1. The timer is reeet with the user ac- 
tivated switch 42 which ts coupledto the timer resel input 
122, when the instrument 10 is reset 

A coagulation complete condition is oetermmed as 
foftows: First. is determined Then, a target snped- 
ance at which coagulation is complete. 2,^,. a calcu- 
lated as a function of the rnxwrnum impedance The initial 
tmoadanc# - Ztar**. slope of the impedance curve, 
and time to complete may vary for a given application 
and/or instrument, but tend to correlate to a function of 
minimum »npedance. Oeperxftng on the ^strumem used 
and/or the. actual desired result, the actual function of 
mrwnum impedance may vary. In this particular em bod - 
im0nl * inear: 1(2^) = 0.22 + 500 This function 

is bound. ..e . where 2^ ts > 560 ohms, then 2_, * 
♦ 50 HZ^) may be a deferent function It 

may be contnuoue. non-contrwoia. ineer. non-linear, a 
P»ect>WTse approximation andAx n th* form of a lookup 
tab4e , < z m*«) may afso be bound at dffierent values 

The impedance sipnal 89 is used to determine tossue 



is 



20 



coagulation as folowe: First, a determination is made 
whether the measured Z is a minimum impedance 7 
The impedance s ignal 69 is inverted and offset byamr. 
offset inverter 96. The output of the gain offset inverter 
96 is in turn is coupled to a pea* detector 97. The output 
T02 of the gam offset inverter is representative of an in- 
verted and offset measured 2. i.e.. (-Z+k). Z,^ will now 
be the highest offset value of (-Z ♦ k) encountered 

The peak detector 97 thus detects and holds the 
highest value of me inverted and offwl measured imped- 
ance. 2. which is 2^. When 2^ has occurred, the out- 
put 103ofthepeakdetectoc97brepnsse^ 
♦ k) RF energy it continued to be applied to the tissue 
and the monitoring for «ho>tcticuit oi^c#curtandt^ 
over as welt as looking for a 2^ ccwifcnuel, until a 2 is 

- ^^^^^beewrietermmed^ 
2iw < f R*»» * calculated to provide a impedance. 2^ 
at which treatment (coagulation) Is completed! The 
output 103 of the peak detector 97 is coupled to a thresh 
old determining circuit 98 which calculates the function 
of 2^ to determine the 2^ The output 99 of the 
threshold determining ctreut is representative ot 4 2 t-m 
when the measured impedance is equal to 2^. 

A continuous comparison is made between Z and t 
fZmii») Wsho ^^nc4edhe«lhatt{2^i 
calculated as 1(2) unti a 2^ is detecte^ Tha cornpatv 
son is continuously made between 2 and f(Z) ami 2^ 
is determined. This does not have a significant conse- 
quence. however, because ft is anticipated that f(2) win 
be larger than 2 during tissue treatment and a premature 
coagulation complete signal therefeve wel r^ occur. 

^measured 2 is less than or equal to the 2,,™ then 
RF energy is corruhued to be euppfted and steps de~ 
35 ^*>^fibovearecainedouiuntilaeigr»a^ 

vided tothacontroter Mti^aiaYto^cfr^ejg^, 
»bortwuit signal, a time over signal, or a coagulate 
complete signal ff the measured 2 is greater than or ts 
*^ to %^**nena signal 
40 *** coe^iaaonhas been cornpleled. Again it ie noted 
that «mb embodiment, Z has been invaded and shifted 
inorder loaccommodate2 mi(l deterrnination via the peak 
detector 97. The impedance values referred to in this 
paragraph are the actual impedance values 
46 ^™P*^Z|*f*^oftheihre^ 

circuit 96 is coupled to the positive input 101 of a com- 
parator OP amp 100. The output 102 of the gain offset 
inverter 96 is coupled to the negative input id* of the 
comparator lOO. The comparator lOO compares me -Z 
so > * represeritative value which is input to the negative 
nput TO4c4the ccnx»iatc< Td0. to the 2^, represent- 
ative value whicn is calculated ae a funcbonof ^ * k. 
If -2 *kie less then or equal to the the comparator 

output 105 wM be positive. That ». tf the measured Z is 
55 greater than ffZ^). a coagulation complete signal writ 
^peBf at the output 105 of the comparator 100. 

As^naf is prcvirJed to a controller for each condition 

>«t^u« — . 
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the existence of one or more of these conditions the RF 
energy is automatically turned off by the controller. Fig. 
11 illustrates the system togc of the controller 79 The 
controller 79 includes a short circuit input 124. a coagu- 
lation complete input 125. an open circuit input 126 and 
a Iwne out input 127.. as well as a reset input 128. The 
conUoier 79 also inciucU* a RF contra* output 1 29 which 
switches on anoVOr oft the RF generator delivery of elec- 
trosurgcaJ energy to the tissue. As long as the output 
129 is a logic .1. the RFis on. The output 129 is a logic 
1 when coagulate complete 125. time out 127. short cir- 
cuit 124. the open crcut 126 and the reset input 128. 
are aflat a logic "XT. II any one or more of the Inputs 124. 
125. 126. 127i ^areatalog^'i'thaRFcontroloutpul 
129 is a log* "0* and the RF ts turned off . 

A ptoionod embooVnent provides a control device 
which controls the generator energy output based on 
load impedance, The load snpedance is used to deter- 
mine a preferred energy, level, e.g., voltage, current or 
power level, based on a specie system load curve for a 
generator, instrument and/or application. The control de- 
vice then compares the actual energy level for the meas- 
ured impedance with the desired energy level and ad- 
justs the generator output accordrtg to the difference be? 
tween the two, i.e.. preferably to minimize the difference 
between the two. 

The specific load curve pref stably reflects the vott- 
ege. current, power, for a range ,oi impedanoe thai will 
optimize performance of the instrument: The toad curve 
may have various forms, for example, it may be contin- 
uous or may be stepped. The load curve may vary from 
generator to generator, lora particular instrument in use 
with the generator, or for a particular electrosurgical ap- > 
plication of the generator. For example, in a one embod- 
iment using an . instrument, such . as described herein, 
three impedance ranges have been identified at which 
different energy requirements exist: Initially tissue wn~ 
pedance is in a lower range, e.g.. approxsnately 20 to 
tOO ohms. In the lower ranges, more current is required 
to provide enough power to initiate tissue coagulation. A 
second, mid-range of. impedances, e.g.. approximately 
100 to 500 ohms, requires enough power to maintain the 
coagulation process. A third range of higher vnpedances 
typically occurring towards completion of coagulation, 
e.g.. approximately 500 ohms and above, requires the 
voltage be limited to prevent sparking and tissue sticking. 
Thus the system, load curve in this embodiment would 
reflect both the mnerem characteristics of the generator 
and voltage output at which optimum power ts delivered 
tor a particular mpeoance. as weH as the specific power 
requirements lor a predetermtned instrument and appti- 

Reterring to Fig. 10, a generator with a servo loop 
control device, is frustrated. The impedance signal 89 
and the vofcage signal 87 are fed back to the gen- 
erator 70 through* a control device- which comprises a 
function fitting device 61 and an error amplifier 62. The 
control device causes tne oonerator 70 to oroduce volt- 



ages wthin a desired range based on a load impedance 
fit to a specific load curve. 

The impedance 69 ie fed to a function fitting device 
61. The output 64 of the Junction rating device 61 repre- 

s sent s a desired voltage based on the input impedance 
69. This desired vottage function is the vortago required 
for the generator 70 to produce a particular, pro-deter- 
mined toad curve. Desired voltage output 64 along with 
actual voltage is fed into an error amplifier 62. The output 

to 65 of the error amplifier 62 represents an error voltage 
which is fed rrto an analog multiplier 75 through a diode 
77. 

Afternatrvery, current, power or another energy pa- 
rameter may be used to control the output of the energy 

is source or generator 70. A signal corresponding to im- 
pedance of the target is nput into the lunction fitting de- 
vce which provides a desired current, power or other en- 
ergy parameter output, which is then compared to the 
measured or calculated current power or other energy 

20 : parameter. . . . . 

The diode 77 ensures first quadrant operation of the 
analog multiplier 7S The analog multiplier 75 functions 
as an amplitude modulator of o sci fl at or 72 such thai large < 

. ... error voltages at output 65. rasuJLin targe outputs from - 

25 RF amplifier 71. And smal error voltages of output 65 
result in smaller RF output from RF amplifier 71 . Thus. 
. v goriteraiw 

. . on "vottage such that a desired toad curve is obtained. 
The loop compensation device 63 acts to stabilize the 

jo servo loop. If an electrical parameter other than votage 
is used, the form fitting function preferably outputs a sig- 
nal reflecting the difference in the aJtematfce energy pa- 
rameter. 

Referring now to Figures 6-9 a now chart Austrates 

js a method for carrying out a microprocessor controlled 
embocfiment of the present invention. When the system 
is turned on (block 200). the variables including Z^. 
v ttM»n : l swrt tkna ovof * 87x1 Zkws^* m *mtiatixed (block 
201). The system continues to look for the activation of 

40 the RF switch (block 2Q2). When the RF switch is turned 
on. the interrupts are set for RF Switch (block 203), tor 
Short Circuit (block 204), and Open Circuit (block 205) 
so that when one of these interrupt condit tons occur, the 
microprocessor automatically goes to the instructions 

45 associated w*h block 234. 

After the interrupts are set. the timer is started (block 
206). A sequence is run to check the RF amplifier health 
(block 207). e.g.. to look lor an Amplifier On signal or to 
check If certain votages are in a suitable range. If the 

50 amplifier is operating properly. RF energy is turned on 
(blocks 208 and 209). 

. . If the amplifier is not operating correctly, an RF Off 
request is made (blocks 209 and 210) and a Hardware 
Failure Alert flag is set (block 211). The system looks tor 
ss a hardware failure flag (block 233). When the hardware 
fasure is detected, the controller provides a hardware 
failure alert indication and shuts off: (blocks 243 end 

2*41 
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If hardware failure is not indicated (block 233). then 
V nM **** Irm * read (block 235) to determine tf any volt- 
age or current is being supplied by the system (block 
236). When the system is first inttefeed. until the ristruc- 
tion to turn on energy in block 209 ts reached, there 
should be no current or votage. It there is a voltage or 
current with the RF request off. then there is a hardware 
faiXire A hardware f aSure alert is indicated and the pro- 
gram is stopped ( blocks 243 and 244). 

If RF energy is turned on (block 209), then the V rm . 
**** Ware read and the impedance. 2. is calculated by 
dividing the by the 1^. (block 212). The controller 
checks to see if the V #nAW# and l 0nmMm flags are set 
(block 213). These flags are set when a minimum thresh- 
old voltage is pressnt and a minimum threshold cunent 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217); 

u *™ V^rf. and flags are sat (213) the sort- 
♦ ware looks tor a lm over condition to determine if the 
device has been on tor a penod of time in excess ot a 
- maximum. If a time over condition is recognized, the tvn- 
> ec flag ts set. RF energy is turned off (blocks 218 and 
219} and a hardware failure check is run (block 233). 

After looking for a time over condition, the controller 
chocks for a short circuit or open circuit condition. II a 
short or open circuit exists, the corresponding shon cir- 
cuit or open Circuit bit is set (block 220* RF energy is 
turned off (block 221). and a hardware failure check is 
run (block 233). 

^The controller checks again for V^^end l <nrt ,„ in 
block 222. before proceeding to me threshold determin- 
ing portion of the circuit ifluetrated in Fig. 8: If the votage 
or current did not exceed V,^^ or t^^ in blocks 214 
and 216. the controller iterates the sequence beginnng 
at block 212 lor detecting time over, short circuit, open 
circuit Le., the coagulation complete detection enable 
This enables the device to wa* until enough current and 
voltage t* deftvered to ihe circuit to check tor the coagu- 
lation complete condition. 

< ff the V,,^^ and 1*,^. flags are set, the short circuit 
and open circuit bits are not set (block 220). and the time 
over condtfion does not yet exist (block 219). the mess- 
wecUrnpedance used to determine if coagulation ts com- 
plete as follows. 

The Z initial flag a set during the first iteration and 
Zmtm «* initially assigned the measured Impedance value 
(blocks 223-225), Initial* Z^ is the same as the meas- 
ured mp^dsnce and thus block 227 « bypass^ at block 
226 A calculation is made ofi^) (block 228). As long 
as the measured impedance is less ttw the t(2^). the 
sequence is iterated (229. *31). | n the next iteration of 
blodur223-23l . the newly measured tmpedance is com- 
pared to the previous measured impedence which has 
been assigned (block 226). As long as *v* impod- 
ence ts decreesrtg, Z^^ will be reassigned tf>e new val- 
ue ol the measured impedance (blocks 226 and 227) and 
ine steps repeated: When the measured impedance is 

OfMt*r than or mwaI to 1(2,..) , « it 



ance. the coagulation complete flag is set (block 230) It 
coagulation complete flag is set, the RF is turned off 
(block 232) and the hardware failure check rs run. 

If after the initial run through the program a hardware 

s failure alert occurs (block 233. 236) or an intenupt oc- 
curs, the program deterrmnes the cause and indicates 
as such (blocks 233-242). The Vfm . and U. are read, 
(block 235) If no current or vortage b being delivered to 
the system, the controller checks to see I the open ck- 

'* curt. shwtcrrco*c*time over flags have been set (brock 
237). if so then a signal indicates which flags have been 
set. and the program is returned to start (blocks 240 
242). Similarly, the controfer checks lor the coaptation 
complete flag (block 239). if there was the coaguation 

« complete flag has been met it win be indicated tor ten 
seconds (block 241 ). if not. « wrtl be indicated as not com- 
piete (bkxk 240) and the program wM return to port at 
the start (block 242). Preferably the electrical compo- 
nents selected to cany out the slaps of Figs 6-9 are 

20 ac^ed to provide a complete iteration of al the steps 
at least even/ 1/50 second 

Referring now to Figs, i -5 there is illustrated an in- 
strument to be used In conjunction with the inpedance 
f eectoack device of the present invention An endoscope 

*S lir^ cutting and stapling in^ 

a housing 1 6 coupled to e shaft 30 with a rumen extend- 
ing therethrough and an end effector 15 erfemAng trom 
the distal end of the shaft 30, The end eftec^ 15 com- 
prises first and second elements which are comprised of 

30 ^n*e»>gjawmember* 32.34. Jaw rT>ornber32brr>ov- 
atofy secured to jaw member 34. The r^ousinS 16 has a 
clamping trig^l2IOf ckx^jawmerT*ers32.34. Jaw 
members 32. 34 are shown In an undamped position to 
Fig. 2. in e damped position prior to instrument firing in 

* Fig. a end in a damped posrtkx* an* irmrorr^ firing 
inRg.4. 

Jaw member 32 comprises an anvil 18. U-shaped 
electrode 39 extending along the length of the jaw 32. 
and a U-shaped insulating material 31 surrounding the 
outside of the electrode 39. Jaw rnen^ber 32 has an nner 
surface 33 which faces en inner surface 35 of Jaw mem- 
ber 34. The U-shaped electrode 39 comprises two elec- 
trically comrnunicating electrode bars 27. 28 forming a 
first pole and located on and extending substantia*/ 

*s along the length of the inner surface 33. The U-shaped 
s^ectrode 39 is composed of a conductor, such as. alu- 
minum or surgical grade stainless steel The bars 27. 28 
are separated by a knife channel 29 extending longrto- 
dinaOy throuc^ the mkJdte of the electrode 39. Pockets 

so 36 located on anvil 18 for receiving staple ends are lr> 
cated along the inner surface 33. lateral to and outside 
ot bars 27. 28. The electrode bars 27. 2fl and insulating 
material 31 form a ridge 56 extending out retatrve to en 
arwe portion 37 of me inner surface 33 (Fig 5). The etec- 

« irode39acuasafkstpoteofabipo4ajsystem.Tr^ 
18 ts formed of an etectneaty conductive material and 
acts as a second pole of the bipolar systern. electric**/ 
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talod from the electrode ■ by the U-shaped insulating mo- 
tonal 31 

Bipolar energy may be supplied to the end effector 
15 from electrosurgicai generator 40 (fig. 10) through 
wires 19,20 extending into the body 16 ot the instrument. 5 
The generator 40 is user controied by way of switch 42 
- (fig. 10). Wire 1 9 provides electrical current to me elec- 
trode 39 through electrical contact means extending 
through shaft 30. Wire 20 carries a current to the anvil 
18 and is coupled to the anvd 16 through an electrical ra 
contact means extending rnrc>uo/i foe shaJt 30. The eiec- 
tries! circuit is closed when and only when the clamping, 
trigger 12 is dosed. A means of correcting the we to . 
the corresponding e jsctrode as woM as instrument actu- 
ation means are desenbed « parent a ppli ca tio n S.N. 
06A095.797, incorporated herein by reference. 

Jaw me m ber 34 ccrhpnsei a cartridge channel 22 
and a cartridge 23 inserted into the cartridge channel 22. 
The cartridge 23 Include^a lrack25fc<wedge 13. aknife 
channel 26 satof**^ tong*ix*na&y through the canter 
of the cartridge 23, a senea of drivers 24 extending into 
the track 25 and staples 1 7 arranged in two sets of par- 
allel double rows: When tissue js engaged between 
clamped jaw members 32, 34, a firing trigger 1 4 located 
on housing 1 6 may be actuated to advance a cutting et- 
emem 1 1 through the engaged tissue to cut the: tissue.. 
Swrxmaneousry. when the hnng trigger 14 is actuated, 
the wedge 13 is advanced Through the track 25 causing 
the drrvers to 24 to displace towards the staples 17. 
thereby dmnng the staples 17 through tissue and into an- 
vil pockets 36. 

In operation, the i end elector 1 5 of the instrument is 
located at a tissue site where tissue is to be treated The 
jaw me mb er s 32. 34' era opened arid tissue is then 
placed between the rterfacing inner surfaces 35, 33 re- as 
spectrvety of jaw members '-34; The cla mping trigger 
1 2 is squeezed to cause the jaw nwjmbere.32»34toctoee 
to locate and compress tissue between the interfacing 
inner surfaces 33, 35. The ctosum of the cdampe>g trigger 
-12 also closes the electric at orcurt When the tissue has **> 
been appropriately situated b etween the jaw members 
32. 34, a user may apply RF sriergy from the generator 
40 using a user activated switch 42. Current flows 
through the compressed tissue be t w ee n the electrode 
39. is., the bars 27. 28. and the envi 16 

After the RF energy Is turned off. the controller indi- 
cates the instrument status, e.g.. open circuit, short or- 
cut. coagulation complete, time over. If the coagulation 
complete status is indicated, the firing trigger 14 may be 
actuated to a dvance cutts^g element 11 through knle so 
channels 26, 29 to cut engaged tissue b etw ee n the bars 
27. 28 where the tissue has been cauterized. Simultane- 
ously, the firing trigger 14 advances the wedge 13 
through track 25 to a dv an ce drivers 24 to tire staples 1 7 
through tissue end rtopoefcets 36 c4 the anvil 18. Thus. « 
the cut line is lateral to the coagulation knee formed by 
the bar electrodes 27. 28 and staples 17 are applied into 
tOTgrtudxnaSy double rows on each side of **e cuttrto el- 



ement 11 as the cuthng element 11 cuts the tissue. 

The invention described and the specific deters and 
the manner in which II may be carried out having been 
exemplified it wt» be readily apparent to those sailed In 
the art that innumerable veriattons, modifications, and 
extensions of the basic principles involved rnay be made 
without departing trpm 

invention. The impedance feedback- system as de- 
scribed above is used to indicate when sufficient cauter- 
ization has occurrea When coagulation is complete, a 
sagnaf may be provided by a controller to a user, or a 
cpn ii o f er may autornatfceasy turn off the FF energy. Ottv 

- er signals may be provided to an instrument user as wel. 
For e xamp le a tone cc*reaponrting to the rneaaured Inv 

. pedance may be provided to a user to audfary monitor 
the change in impedance. 

It is also intended that this device end/or method be 
used wttnumerrjue type* c*e 

in cl uding monopolar, bipolar and mutttpotar configure- 
: ttom;Tr^ i mp e d ance f eedback systsmrnay be included 
in part or in whole with the actual instrument as a sep- 
arate unit sncVdr with rive energy source or { 



A control device composing! 

irTpedance rneacurement circuity adapted to 
be coupled to tiesife-oo^ 
ated with a Uiiue ueatsig^portibn of a surgical 
instrument and to an energy source adapted to sup-* 
pry therapeutic eiactrosun^ical energy to s 
trodes; and «. . 

■n •^anjy con^erp^edapssd to controtflF 
energy suppfced from seJd energy source to said 



cuftryisi 

to measure the impedance of tissue engaged 
by said tissue-treating rx>h 



to dete rm ine a minimum impedance value; 

to determine a target impedance value as a 
function of said rnirwrsmv Imped 

to compare measured impedance values to 
said target impedance value: and 

to alter said energy control signal when said 
measured i 



2. The control device of datm 1. wherein 
ance measuring circuitry includes: 
a first' device tor deterrrarung 



the minimum 



a second device coupled to said fast devtee for 
deterrrwiing the target nipextance value ae a furic- 
non of said rrunimum impedam 

r mrt m p mrm B m 
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ance values to said target impedance value and for 
generating a signal indicating whether said meas- 
ured impedance value exceeds said target imped, 
ance value. 

X ^"'^ adaptad to be coupled .o an ^gy 
scwrc. torp^.^^^^ » 

to be treated, the control device canpn*oy 

.^,,. a roc,w » 1 9 at least one o. a hrsl 

« s*d t«,ue a ..com, smnal 
'V«Mmalw of eutran delivered from said energy 
source , 0 saw tissue- W 

r.^!!"^" ^ reol * rtn 9 » «9«al rep- 
^»nte«ive ol a target impedance** said tissue on 
•n»»gy source, detertmried from me' first and 
«»«*H>«gnals;anrf ' 
' •wwt B i^ function fitting device lor providing a fourth 
«0nal representative of desired energy output 
«*Oro*»g to a system load curve, the fourth signal 

^ZZZ**!? **** «*« *» 

8»t toadmpedariee represented by the third signal 

wherein said control device is adapted tar 

control energy output by the energy source 

based on the third signal representative of the load 

•npedonce; and 

control the energy source to bring electrosur- 

target WMn a range of desired energy output based 
«» said system load curve. wr»«pwoasea 

parisonc*evwforccmp B firig»^|^ S i 0na , 

l"?^ ■"J" 6 "* e*d canpirt^y, 

? daPWd 10 P '°* te 8 eo " ,w » W tor 
«ontrorhng said energy source. 

8. ^control d*nce of ctain, 4. whe,e,n said con.ro. 
*«9na represents a difference between said fourth 
»^and said at i«« one of sari fi« and s«xnd 

£ .toctaoeorgical deva*! said «*nera.or cShpris- 
mg. 

__an eteetrosunjfeal enargy source for priding 

1 toS a ^^*^ a<xo ^ to ^^<«elairns 

,^,^^™^ w ^ d ^«»''a^iocon- 
t«ol the output of said energy source 

r^2 N ^ ,tov,c " * ,,ftMin 9 *-v> 

« surgeal procedure, the etoetrosurgical devee 
comprising: *^ 

iso«ed first and second elec- 



ro fi. 



rs 



** 9. 



*o 



tfodes adapted to contact tissue to be treaty and 
n«^T »ca. ene W te be ccriouc^ 

bMWM " 9tecl '«*» through said tissuTanr 
t to 5 a c °»™<*°™>> eceoroTngtoany on. o(c)aims 

HO*"™ — » adapted to con- 

trol the output of said elecrrosum^, onof _, 

between sari electrodes. W 

An eiectrosu^ical device tor beating feau. ouring 
•"Jtectao^agic.. procedum. th. etectroeurgj 
device composing: 

etectricaly isolated first and second etoc 

too^e eN«^ to be conducted 

between said electrodes through said tissue 

saide£c£^^ 

»id eieetrceurtpcej energy to said electrodes: and 

trol the output from said eMctrosurpjcTer^rtiv 
source to said electiodes. 

aadfirst electrode « located on one of a first and a 
«ecpnd element and wherein said first : and second 
elements are movaWe relative to each other tor 
•«9ag^ tissue therebetween. 

10. The*^^ 

••eond electrode is ^^ta^ai the c^nwoneoleaid 
IVstandsecoridelsfnems. 

,f - $f**mm9*i device of daim9. wherein: 

said first and second elements each com- 
prises an interfacing surface for erigaging tissue to 
ha electiosurg^ treated, w*"*»u*iq 
said first and second electrodes each com- 
pn**s one or more electrode elements located on 
said interfacing surfaces: and 

^^^»«^«hK^eelernemsare 

offset from one another with respect to said interfac- 
ing surfaces. 



so 
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